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The use of anatomic total shoulder arthroplasty (TSA) for the treatment of primary osteoarthritis, rheumatoid arthritis, and other glenohumeral pathologies reduces pain, improves movement, and increases power. 6, 17 The prevalence of shoulder osteoarthritis in the United States has been demonstrated to be as high as 32 .8%. 10 The rate of TSAs completed between 1993 and 2007 increased by 10.6% annually, 13 and most recently, the American Academy of Orthopaedic Surgeons reported that approximately 53,000 TSAs are completed each year. 1 Over time, radiolucency can develop between the bone-cement interface of the TSA glenoid component, with a reported prevalence of 15% to 84%. 8 Although controversial, radiolucent lines at the glenoid bone-cement interface on plain radiographs may be an indicator of glenoid component loosening and potentially an early sign of impending component failure. 35 There is some suggestion that the development of focal radiolucency may be associated with component migration and poor clinical function, leading ultimately to failure and the need for revision surgery. 12, 26, 39, 54 The reported rate of revision for TSA ranges from 15.6% to 32% in the literature after approximately 3.5 years of follow-up. 4, 34, 55 Surgical techniques and total shoulder components have evolved in an effort to continue to improve long-term outcomes.
A quickly evolving area is glenoid component design and fixation. 41 The 2 main options with respect to glenoid components are keeled and pegged designs. The keeled fixation was first introduced in 1973 as part of Neer's original glenoid component design. 37 The keeled design has undergone many variations but ultimately resembles a tapered "fin," with a rectangular geometry. 32 The pegged design is more recent and encompasses a variable number of pegs of varying lengths. Biomechanical studies have suggested that pegged fixation withstands high shear forces and may result in a decreased rate of loosening compared with keeled glenoid components. 3, 24, 32 In addition, basic science, retrospective, and prospective studies have suggested that keeled designs have a propensity to develop more radiolucency over time than pegged designs. 21, 33, 48, 52 Although the literature suggests that using pegged glenoid components may result in decreased radiolucency over time, it is unclear whether this relation directly correlates with superior long-term clinical outcomes. 22 The aim of this systematic review was to compare both the clinical and radiographic outcomes of pegged vs. keeled glenoid components in anatomic TSA. We hypothesized that pegged components would demonstrate a lower rate of development of focal radiolucency, as well as superior long-term functional outcomes and lower rates of revision surgery.
Methods

Search strategy
A comprehensive search of the MEDLINE, Embase, PubMed, and Cochrane databases from 2007 to 2017 was performed for articles on TSA. The search was run on July 10, 2017, in duplicate by 2 independent reviewers (A.W. and C.G.). The search terms included "arthroplasty, replacement, shoulder," "equipment failure analysis," "osteoarthritis," "joint instability," "range of motion, articular," "shoulder," "glenoid cavity," and "prosthesis failure," and the keywords "Peg*" and "Keel*" were used in all searches. Medical Subject Headings (MeSH) and Emtree terms were used in various combinations to increase search sensitivity. The search strategy is provided in Supplementary Material.
Study screening
All titles, abstracts, and full texts were screened by 2 independent reviewers (A.W. and C.G.). Any disagreements at the title and abstract stages were included in the next stage of screening, and disagreements at the final stage were discussed and resolved by the 2 reviewers.
Study eligibility
The inclusion criteria for this review were as follows: (1) human studies evaluating the efficacy of TSA with either pegged or keeled glenoid components; (2) studies examining the components independently, as well as comparative studies; (3) randomized controlled trials (RCTs), cohort studies, or retrospective studies; (4) studies with a minimum of 6 months' follow-up postoperatively; and (5) studies examining adult populations (aged > 18 years).
Studies using a radiostereometric analysis were included in the review, but only functional outcomes were analyzed. The exclusion criteria were (1) systematic reviews and case reports; (2) studies that used cadaveric specimens, animal specimens, or hybrid glenoid component designs; and (3) studies that examined only revision TSAs.
Assessment of study quality
The quality of the individual studies was assessed by both reviewers. The Methodological Index for Non-randomized Studies (MINORS) criteria were used for observational studies. 46 The MINORS tool evaluates 8 domains comprising the aim, appropriateness of the sample, study design, outcome measures, bias, follow-up, data completeness, and power of a study. There are an additional 4 domains for comparative studies. The tool assesses the methodologic quality of studies with higher scores indicating higher-quality studies. A maximum score of 16 for noncomparative studies and 24 for comparative studies can be achieved. The Cochrane Risk of Bias Tool was used for all RCTs. The tool assesses potential selection bias, reporting bias, performance bias, detection bias, attrition bias, and other sources of bias. A score of either high, low, or unclear bias is given for each domain. Any discrepancies were resolved by consensus between 2 independent assessors (A.W. and C.G.) and the senior author (M.K.).
Data abstraction
Data were extracted into a piloted electronic database (Microsoft Excel; Microsoft, Redmond, CA, USA) independently by both reviewers. Data were extracted on the number of participants, mean follow-up time, incidence of radiolucency, rate of revision, Constant score, and American Shoulder and Elbow Surgeons (ASES) shoulder score. Demographic data on the year published, study design, population, inclusion criteria, and exclusion criteria were also extracted.
The primary outcomes were shoulder pain and function as delineated by clinical outcome scores (ASES and Constant scores). Secondary outcomes included rate of revision surgery and reported rate of radiolucency of glenoid components.
Statistical analysis
Comparative and noncomparative studies were analyzed as separate data sets. This was done to avoid bias, as significant heterogeneity was present among the noncomparative studies. Noncomparative studies were evaluated via a qualitative analysis. The categorical data (revision rate and radiolucency) were evaluated via the pooled rate. Continuous data (ASES and Constant scores) were evaluated via the mean and standard deviation of the reported mean. Categorical and continuous data were evaluated via the mean and standard deviation at 3 different ranges of follow-up: short (<1 year), moderate (1-5 years), and long (>5 years). The radiolucency rate was expressed as a percentage as a function of the different follow-up ranges. Both keeled and pegged data were aggregated to evaluate the impact of follow-up time on the various outcome measures. Follow-up time was evaluated to examine the effect of time following implantation in all patients with anatomic shoulder arthroplasties, irrespective of component type. Comparative studies were included in the quantitative synthesis. For comparative studies, the data were reviewed for statistical heterogeneity using the I 2 statistic. Meta-analysis was performed for use of a random-effects model. For each included study, mean differences (MDs) and 95% confidence intervals (CIs) were calculated for continuous outcomes whereas odds ratios (ORs) and 95% CIs were calculated for dichotomous outcomes. When variance data were not available, imputation was used with variance data from the studies that were not able to be pooled. We performed sensitivity analysis to confirm that imputed standard deviations did not change the final conclusions of the meta-analysis. Similarly, as for the noncomparative studies, the mean follow-up time for the comparative studies was subdivided into 3 categoriesdshort (<1 year), moderate (1-5 years), and long (>5 years)dand evaluated for categorical data and continuous data via the mean and standard deviation. All analyses were completed using Review Manager software, version 5.3 (The Cochrane Collaboration, London, UK).
Results
Included studies
The search yielded a total of 458 articles from the PubMed, Embase, and MEDLINE databases. Following duplicate removal and title and abstract screening, 56 articles underwent a full review. Thirty-two articles were included in the qualitative analysis, comprising both comparative and noncomparative studies. Among these articles, 7 comparative studies were included in the metaanalysis. The inter-rater reliability for the raters was found to be k ¼ 0.847 (P < .001), with a 95% CI of 0.759 to 0.935, indicating almost complete agreement with respect to study eligibility. A PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) diagram detailing the flow of the review is shown in Figure 1 .
Of the studies, 17 were completed in North America; 14, Europe; and 1, Australia. A total of 25 studies were noncomparative. Of these studies, 9 examined keeled glenoid fixations 9,12,15,19,23,31,50,51,54 and 16 examined pegged glenoid fixations 5,7,14,25e29,35,36,38,39,42,45,49,53 (Table I) . Among these studies, 10 reported ASES scores, 16
reported Constant scores, 19 reported radiolucency rates, and 19 reported revision rates.
A total of 7 studies compared keeled vs. pegged glenoid fixations. Table II shows the details. Among these studies, 2 reported ASES scores, 2 reported Constant scores, 4 reported radiolucency rates, and 4 reported revision rates.
Quality assessment and risk of bias
A total of 28 nonrandomized and 4 randomized (level I) studies were included in this review. Of the nonrandomized studies, 1 was level II, 8 were level III, and 19 were level IV. The mean MINORS score was 11.62 ± 0.90 for noncomparative studies and 18.71 ± 1.83 for comparative studies, which indicated a fair quality of evidence for all studies (Table III) . All RCTs were at high risk of bias owing to incomplete data. Of the 4 RCTs, 3 did well in maintaining a low risk of bias with respect to randomization, participant allocation, and other sources of bias (Table IV) .
Clinical outcomes
The clinical outcomes consisted of the ASES and Constant scores. These scores provide a surrogate of the overall functional outcome of the TSA. The qualitative analysis of the noncomparative studies yielded a mean Constant score of 69.77 ± 9.22 among the keeled fixation studies vs. a mean of 74.52 ± 8.26 for the pegged fixation studies. With respect to mean follow-up time, no studies had a short follow-up, whereas the moderate follow-up studies demonstrated a mean Constant score of 69.10 ± 8.34 and the long follow-up studies had a mean Constant score of 66.92 ± 27.98 for both keeled and pegged components combined. Only 1 keeled fixation study reported the mean ASES score, which was found to be 70.5, 9 whereas the mean ASES score for the pegged fixation studies was 85.97 ± 6.28. With respect to mean follow-up time, no studies had a short follow-up; the moderate follow-up studies demonstrated a mean ASES score of 83.82 ± 7.89; and there was only 1 long follow-up study, with a mean ASES score of 89.85. 29 Of the 7 comparative studies, 3 reported Constant scores. 40, 43, 44 This included 90 patients with keeled components and 149 patients with pegged components. There was no significant difference between the 2 groups (MD, 0.28; 95% CI, e8.04 to 8.61; P ¼ .95) ( Fig. 2) . With respect to follow-up, there were no short follow-up studies, whereas the mean for moderate follow-up studies was 66.75 ± 3.95 and the mean for long follow-up studies was 69.1 ± 0.28 for both keeled and pegged components combined. In addition, 3 of the 7 studies reported ASES scores. 22, 40, 44 This included 85 patients with keeled components and 142 with pegged components. There was no significant difference between the 2 groups (MD, 7.22; 95% CI, e0.34 to 14.78; P ¼ .06) ( Fig. 3 ). When we examined the follow-up time for ASES scores, there were no short follow-up studies, whereas moderate follow-up studies demonstrated a mean of 82.98 ± 9.93 and long follow-up studies demonstrated a mean of 82.95 ± 0.07 for both keeled and pegged components combined.
Radiolucency
Qualitative analysis of the noncomparative studies demonstrated that the pooled rate of radiolucency at final follow-up for the keeled fixation studies was 34.99% (473 of 1352) whereas the pooled rate for pegged fixation studies was 42% (334 of 794). As a function of follow-up time, there were no short follow-up studies that reported radiolucency, whereas the moderate follow-up studies demonstrated a rate of radiolucency development of 20.5% (108 of 526) at final follow-up and the long follow-up studies demonstrated a rate of 43% (699 of 1620) for both keeled and pegged components combined. Of the 7 comparative studies, 4 reported rates of radiolucency at final follow-up. 16, 43, 44, 47 There were a total of 140 patients with keeled components and 196 with pegged components. No significant difference was found between the 2 groups (OR, 1.89; 95% CI, 0.56-6.39; P ¼ .30) ( Fig. 4) . Statistical heterogeneity was found among the studies (I 2 ¼ 80%, P ¼ .002). With respect to follow-up time in the comparative studies, there were no short follow-up studies, whereas the moderate follow-up studies demonstrated a rate of 68% of shoulders (117 of 171) with radiolucency at final follow-up and the long follow-studies showed a rate of 38% (62 of 165) at final follow-up for both keeled and pegged components combined.
Revision surgery
Qualitative analysis of the noncomparative studies demonstrated that the pooled rate of revisions for the keeled fixation studies was 8.76% (133 of 1518) and the pooled rate for the pegged fixation studies was 5.22% (46 of 880). When we examined the mean revision rate as a function of follow-up time, there were no studies with a short follow-up, whereas the mean revision rate for moderate follow-up studies was 3% ± 5% and that for long followup studies was 10% ± 11% for both keeled and pegged components combined. Regarding the comparative studies, 4 reported revision rates. 16, 18, 22, 43 This included a total of 1231 patients with keeled components and 400 patients with pegged components. A significant difference was found between the 2 groups (OR, 6.22; 95% CI, 1.38-28.1; P ¼ .02), with the pegged group (3 of 400, 0.75%) having fewer revisions than the keeled group (123 of 1231, 10%) ( Fig. 5 ). Statistical heterogeneity was not found among the studies (I 2 ¼ 32%, P ¼ .22). As a function of follow-up time, there were no short follow-up studies among the comparative studies; the mean revision rate among moderate follow-up studies was 5% ± 5%; and there was only 1 long follow-up study, with a revision rate of 10%. 18 All of the results including ASES scores, Constant scores, radiolucency rates, and revision rates are summarized for comparative and noncomparative studies in Tables V and VI, respectively.
Discussion
This systematic review evaluates reported outcomes with respect to pegged vs. keeled glenoid components in TSA. It is interesting to note that no significant difference was found between pegged and keeled components regarding functional outcomes (Constant and ASES scores) in higher-quality comparative studies. We found a nonestatistically significant trend with respect to Constant and ASES scores in noncomparative studies, suggesting improved functional outcomes with pegged fixation. Because of the high heterogeneity among the noncomparative studies, no formal statistical analysis could be completed owing to the increased risk of bias. Given that most comparative data are derived from small studies of fair-quality evidence, the trend toward pegged fixation in the noncomparative studies suggests the need for a large trial to provide high-quality evidence to definitively determine which component provides improved patient outcomes with a decreased risk of complications and risk of revision surgery. We found the rate of revisions to be lower with pegged fixation in comparison with keeled fixation (OR, 6.22; 95% CI, 1.38-28.1; P ¼ .02). However, no difference in radiolucency data was found between pegged and keeled fixations, suggesting that glenoid loosening may not be directly correlated with the underlying indication for revision surgery in those cases. Although the absence of radiolucency postoperatively is often used as an indicator of success, the clinical relevance of radiolucent lines following TSA is controversial in the literature. 8, 33 Although it was initially suggested that radiolucency correlates directly with glenoid component loosening, recent data have demonstrated that this may not be a causative correlation. A review by Bohsali et al 8 examining complications of TSA identified that 80% of patients developed radiolucent lines yet only 7% ultimately required revision surgery. In addition, Lazarus et al 33 examined the prevalence of radiolucency in 328 patients undergoing TSA. They identified a high prevalence of radiolucent lines around glenoid components and found that only 20 of the 328 glenoids (6%) demonstrated no radiolucencies. Although radiolucency may be a potential surrogate for glenoid component loosening, a number of other factors are likely at play when considering the need for revision of TSA. 11 This review supports the current trend suggesting radiolucent lines may not be directly correlated to glenoid loosening, and other causes should be evaluated when considering revision in the setting of a painful shoulder following TSA.
The lower revision rate with pegged fixation in comparison to keeled fixation may be influenced by a number of factors. A biomechanical study by Anglin et al 3 identified that pegged components offered greater resistance to off-center loads than keeled components. In addition, less subchondral bone resection is required with pegged components, and the placement of the pegs in stronger peripheral bone may offer a biomechanical advantage. 2 Furthermore, keeled fixations are generally cemented whereas newer pegged designs using hybrid fixation offer potential for partial bony ingrowth, which may strengthen fixation.
Another important variable to consider is the length of time each study followed up its participants postoperatively. A formal statistical analysis was not completed examining the effect of follow-up time on radiolucency and revision rates because of the variability with which the variance around the follow-up time was reported in the studies. Therefore, concrete conclusions cannot be drawn. However, there was a trend for studies with longer followup periods to show increased total numbers of shoulders that developed radiolucencies and to show increased revision rates. This may have contributed to the significant difference seen between keeled and pegged components with respect to the revision rate in comparative studies, as the majority of the keeled shoulders came from a long-term follow-up study. 18 However, further studies examining follow-up in comparative studies of the 2 glenoid fixations are necessary. Conversely, among functional measures such as the ASES and Constant scores, the same trend was not seen. This may support the contention that the development of radiolucency in the glenoid component may not be a good surrogate for patient satisfaction.
The finding in this systematic review of no difference in radiolucency rates between glenoid components opposes the current literature, which suggests keeled glenoid components are more likely to develop radiolucent lines. 30 Khazzam et al 30 completed a systematic review comparing 107 pegged and 96 keeled components and found that the presence of radiolucent lines was more common in keeled glenoid components with a risk difference of e0.32 (P < .05; 95% CI, e0.62 to e0.03) favoring pegged components. The results in our review may differ owing to the inclusion of the comparative study by Roche et al, 44 which was the only study to demonstrate a higher rate of radiolucent lines in patients with pegged components (41.4%) than in patients with keeled components (29.6%). Sensitivity analysis excluding the study of Roche et al confirmed our findings to be robust (OR, 3.07; 95% CI, 0.74-12.81; P ¼ .12). It is interesting to note that there was no significant difference between the ASES and Constant scores in the study by Roche et al, further reinforcing the notion that radiolucent lines may not be a strong indicator of functional outcomes.
The study by Khazzam et al, 30 as with many other studies on this topic, primarily evaluated outcomes with respect to radiolucent lines and glenoid failure. Our systematic review took an approach in which functional outcomes were analyzed as they pertain to keeled and pegged fixations while also including analyses of both comparative and noncomparative studies. This review focused primarily on functional outcomes as these are often more valuable and clinically important to patients. Other strengths of this study include a rigorous methodology and inclusion criteria when systematically including studies in the review. We had 2 independent reviewers examine all the studies, and they demonstrated strong agreement as reflected by the high k score.
A limitation to our analysis of the functional outcomes is that comparative studies did not report standard deviations; therefore, variances were generated using data that were not able to be pooled, which could have impacted the accuracy of the comparison. 20 In addition, only 2 comparative studies reported the ASES and Constant scores. When this information is taken into consideration with the means found in the noncomparative studies, no strong conclusion can be drawn and it seems that there is a paucity of high-quality evidence examining functional outcomes with each glenoid component after TSA. Another limitation of our study is the heterogeneity found among the studies in the radiolucency rate analysis. This may have been a result of variable follow-up times in the studies, ranging from a mean of 24 months to 73.9 months. In addition, some studies included only patients with primary osteoarthritis whereas others included patients with other indications for TSA. Another limitation is the lack of information surrounding the indications for revision in the studies. Finally, variations in the keeled and pegged glenoid fixation models may have contributed to increased heterogeneity. Although the inclusion of noncomparative studies expanded our search and encompassed all available data, these studies could not be included in the final meta-analysis to avoid a biased statistical analysis.
Larger high-quality randomized trials are needed when comparing pegged and keeled glenoid components, particularly with respect to functional outcomes. Only a small percentage of the available literature on the topic is composed of level I studies, as seen in this review. In addition, given that radiolucency rates did not correlate well with revision rates, perhaps other factors should be the focus of future research to determine how to prevent failure and improve outcomes.
Conclusion
The rate of revision for pegged glenoid implants in TSA is significantly lower than that for keeled implants, but the data to date suggest no differences in functional outcomes with either component. However, this may not necessarily be attributable to glenoid component loosening and the formation of radiolucent lines on plain radiographs. The number of comparative studies examining functional outcomes is scarce, and there is a need for high-level studies to incorporate functional outcomes such as the ASES and Constant scores in the future.
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